but the overall difference between them is how it works with species collected one time (singletons) and two times (doubletons) in the analyses. Many studies with simulation or empiric data have showed that the behavior of these estimators is influenced by the data set, but are of great utility to compare the estimates between different groups in the same environment or compare different environment for the same taxa, e.g. Colwell & Coddington (1994) , Meier & Dikow (2004) .
COMPLEMENTARITY ANALYSIS -In order to determine optimal locations for in situ reserves to conserve maximum species diversity, a study based on species complementarity was carried out using the algorithm described by Rebelo (1994) and Rebelo & Sigfried (1992) . The aim was identify grid cells with defined size, which complement each other in terms of species composition. The process is iterative, whereby the first cell is the richest in number of species. The second iteration locates a grid cell that is richest in species not already represented in the first iteration. This iterative process continues until all species have been represented. We computed the minimum number of grid cells needed to capture all 71 Neotropical Bulbophyllum species.
PAE ANALYSIS -The parsimony analysis represents a direct tool for searching the most parsimonious arrangement of shared species among areas, aiming to reveal the biogeographical affinities in a hierarchical pattern (Rosen & Smith 1988 , Trejjo-Torres & Ackerman 2001 , Garcia-Barros et al. 2002 . This approach was originally called parsimony analysis of endemicity (PAE), developed by Rosen & Smith (1988) , and employed in the study of orchids of Caribbean islands (Trejjo-Torres & Ackerman 2001) .
The units of comparison that have usually been applied are sites, quadrants or sections of regions, biogeographical areas, or natural geographical areas. In this work, we used well accepted phytogeographical areas, as those discussed by Gentry (1982) for the Neotropics. Among them, nine areas or Biomes (Atlantic Rain Forest, Cerrado, Semi-arid, Andean, Amazon and Guayana Highlands, Mesoamerica, Caribbean Islands and México) were considered.
A presence/absence matrix of the 71 Bulbophyllum species (including varieties) was constructed in Nexus Editor Software (Page 2001) , where presence was indicated with a `1' and absence with a `0'. Using this program, areas were entered in the place of taxa, while taxa were entered in the place of characters. Once we constructed the matrix, the analyses of parsimony were done using PAUP 4.10 (Swofford 2000) . A hypothetical outgroup area with all 0s (no species) was used in the analyses in order to root the trees. Exhaustive search was carried out to look for the most parsimonious trees, which indicate the floristic affinities among studied areas. We obtained a Majority Rule Consensus Trees for equally parsimonious trees founded and assessed the clade robustness using bootstrap proportions with 1000 replicates (Felsenstein 1985) .
Results and Discussion
GENERAL DISTRIBUTION -Although there are ca. 1400 specimens available from different herbaria, only ca. 900 could be geographically referenced based on specimen labels, due to the uncertainty or lack of the locality indications. Some species were plotted on map only from type specimens or protologue information because of absence of field sample.
The generic distribution of Bulbophyllum in the Neotropics is limited at the South by Rio Grande do Sul (Brazil) and Mexico at the North; at the East it is limited by Pernambuco, Brazil and West by Cordova, Mexico. The historical record of North limit of the genus in Everglades, Florida (Luer 1972) was not confirmed by herbarium specimens.
RICHNESS -The "global" richness through the Neotropics is obviously different from richness of any political boundaries, and the richness of a particular country needs to be evaluated in another scale with smaller grids than those used in this work. According to our results, the highest number of Neotropical Bulbophyllum species can be found in Southeast Brazil (22° S -42° W) more specifically in the contact areas between Cerrado and Atlantic Rainforest ( fig. 1 ). Among the biomes or phytogeographical regions considered, the greatest richness were reported for South American Cerrado biome (35 spp) followed by Atlantic Rainforest (31 spp), and Andean region (17 spp) (tab. 1). Despite the low richness, three species are endemic to Mexico, while the Considering the estimation of global richness in the Neotropics, the indexes applied indicate that, until today, 50-90% of Bulbophyllum species were collected (tab. 1). Although different estimations have been obtained among the biomes, once the richness estimators seem to be sensible to poorly sampled areas and positive biased with highly collected areas, some regional richness patterns for different phytogeographical regions can be explained.
In general, according to the richness estimation analysis, the Cerrado and the Atlantic Forest have the largest number of species and also great amount of collections too, probably being the best sampled areas. In this context, the Andean region is supposed to be one of the richest areas rather than other sites with more samples and species collected. Although only 17 species have been registered, the quantitative estimators Chao1 and Chao2 indicate more than 40 species to be discovered in that region, probably due to the effect of few collections (and consequently more single and doubletons) for the estimations.
A pattern that emerges from the Bulbophyllum diversity seems to be the affinities of this genus with outcropping mountain habitats. The Brazilian southeast mountain area presents half of the collected species for the Neotropics, constituting the richest vegetation in species of Bulbophyllum for the American continent. The conglomerate of mountains considered in this work extends from Rio de Janeiro to Bahia State and do not present a unique geological origin, being usually divided in three blocks: 1-the adjacent mountains of the National Park of Itatiaia on the south portion, 2-mountains adjacent to Serra do Cipó in the central area, in Minas Gerais State and 3-Chapada Diamantina in Bahia State in the north. Each of these portions of mountains is in contact with different biomes, especially Cerrado and Atlantic Forest.
The low richness found in other ecosystems can be explained by different reasons. In the Amazon few collections have been carried out, except around Manaus -Belém area. In fact, lots of mountain formations in this phytogeographical area have never been explored for plant collection, being this place probably the most suitable to find Bulbophyllum species. Other poor region for richness of this group is the Semi-arid, one of the less adequate biomes for Orchidaceae, due to low air humidity and rainfall. In accordance to the dataset the relative high observed and estimated richness in this biome is due to species sampled in interior mountain formations with humid forest growing around high altitude places. A low richness was detected in Northern South America to Mesoamerica and in Caribbean islands, where mainly species of section Bulbophyllaria Rchb.f. (bifoliated plants with thickened inflorescence, known as "rat-tail orchid") are present. Finally, Mexico presents low richness but a relatively high number of endemic species growing especially in Oak forest and in high altitude places too.
PAE ANALYSIS -The parsimony analysis of endemicity, with the nine phytogeographical regions considered for the Neotropics using shared Bulbophyllum species, produced seven equally most parsimonious trees ( fig. 2 ) with: tree length = 82, Consistency index (CI) = 0.8537, Retention index (RI) = 0.7600. A strong floristic relationship was detected between: (1) Cerrado, Atlantic Rain Florest, Semi-arid and Andean biomes and (2) Amazon and Guayana Highlands, Mesoamerica, Caribbean and Mexico. The other Neotropical biomes do not have any Bulbophyllum species or are considered within the broader concepts used here to avoid small areas with few collections. COMPLEMENTARITY ANALYSIS -According to our results thirty five main areas were identified using complementarity analysis and considered as prioritaire for the conservation of total diversity of Bulbophyllum in the Neotropics (Fig. 3) .
The eight most important areas in the map encompass 54% of the 71 species considered in this study. FIGURE 2. Relationship between Neotropical phytogeographical areas using Parsimony Analysis of Endemicity of Bulbophyllum species. The value above the branch is the Majority-Rule Consensus index of the seven most parsimonious trees and bootstrap support is below the branches. Nodes with less than 50% of bootstrap support are indicated with arrows.
As expected, four of eight grids coincide with areas of high species richness identified in fig. 1 , which indicates that each of the high diversity areas has a distinct species composition. Some of these areas are located in previously proposed Hotspots for other plant and animal groups in the American continent (Meyers et al. 2000) .
Conclusion
One of the central theoretical tasks of conservation biology is to prioritize places on the basis of their biodiversity value and to devise management strategies to conserve biodiversity in these places (Meyers et al. 2000) . This study shows how some tools can be useful for the fast identification of priority areas. However, we have to be aware of some problems when we accomplish studies of this nature: 1. underestimation of the richness, once we know there are very few collections in herbaria; 2. use of only herbarium material (data of literature and personal communications are very useful information, but uncertain and non reproductible); 3. there is not a consensus about which estimator should be used and sometimes the results among them are conflicting and; 4 -the most important: we do not know if the collected places are still preserved.
For those reasons, a program for conservation in situ based exclusively in this type of data set could be a critical point and need to be observed in future political decisions concerning protected areas. We can exemplify practical situation based on field observation during this investigation:
1. Well collected places but actually strongly disturbed such as inland forests in Jaguariaíva, Paraná State, a historical site for plant collections. This was an important area in the complementarity analysis with several taxa and some endemic species in a grid cell. Nowadays the advance of Pinus forests for wood exploration seems to have been causing strong disturbance on original vegetation, bringing a large number of species to become seriously vulnerable. 2. Rare and endemics species. There are lots of species considered rare, but this is due to lack of knowledge. For example, an outcropping rock mountain area in Bahia State, known as Chapada Diamantina was recently investigated about Bulbophyllum occurrence (Ribeiro et al. 2005) , increasing the number of species from five to twelve in two years of study. In this sense, another topic that should be pointed is the importance of distinguishing the regional definition (endemism) from areal definition (range restriction), (Peterson & Watson 1998) . Bulbophyllum manarae Foldats is an example of species described for Venezuela and is recently found in Northeast Brazil. In richness analyses of Brazilian species it might be considered endemic of an area as well as for analyses for Venezuela. Considering the whole of the Neotropical range it will be a widely distributed species showing the relationship among the mountains chain of Southeast Brazil and the Andean mountains.
The occurrence and richness patterns described here for the Bulbophyllum records were very similar to those for other organisms (e.g. butterflies, Brown 1987) and was described for many plant groups before (e.g. Prance 1987 , Giulietti & Pirani 1988 , Knapp 2002 ), but it is still little explored and discussed in Orchidaceae.
To understand the diversity patterns of the orchid family in the Neotropical region is necessary to carry out investigations with similar approach exploring different taxa. Once the orchids are clearly a monophyletic family, the study of groups with different biological and ecological features, such as preference of habit and habitats, dispersive potential and pollination strategies could bring new insights about the diversification of orchid family in the American Continent.
